AFWP L-TR-88-4105 


. 


SflC  fUiE  wfik 


SYNTHESIS  OF  NONCRYSTALLINE 
AROMATIC  POLYAMIDES 


Tonson  Abraham  and  E.  J.  Soloski 
University  of  Dayton  Research  Institute 
Dayton,  Ohio  45469 

R.  C.  Evers 
Polymer  Branch 

Nonmetallic  Materials  Division 


APRIL  1988 


Final  Report  for  Period  January  1985  -  January  1986 


DTIC 


ELECTE 

JUN  1  7  1988 


Approved  for  public  release;  distribution  unlimited. 


MATERIALS  LABORATORY 

AIR  FORCE  WRIGHT  AERONAUTICAL  LABORATORIES 
AIR  FORCE  SYSTEMS  COMMAND 

WRIGHT-PATTERSON  AIR  FORCE  BASE,  OHIO  45433-6533 


NOTICE 


When  Government  drawings,  specifications,  or  other  data  are 
used  for  any  purpose  other  than  in  connection  with  a  definitely 
Government-related  procurement,  the  United  States  Government 
incurs  no  responsibility  or  any  obligation  whatsoever.  The  fact 
that  the  Government  may  have  formulated  or  in  any  way  supplied 
the  said  drawings,  specifications,  or  other  data,  is  not  to  be 
regarded  by  implication,  or  otherwise  in  any  manner  construed,  as 
licensing  the  holder,  or  any  other  person  or  corporation;  or  as 
conveying  any  rights  or  permission  to  manufacture,  use,  or  sell 
any  patented  invention  that  may  in  any  way  be  related  thereto. 

This  report  has  been  reviewed  by  the  Office  of  Public 
Affairs  (ASD/PA)  and  is  releasable  to  the  National  Technical 
Information  Service  (NTIS) .  At  NTIS,  it  will  be  available  to  the 
general  public  including  foreign  nations. 

This  technical  report  has  been  reviewed  and  is  approved  for 
publication. 


t .  Jj  GOL^tfARB,  Project  Scientist 
Polymer  Brinch 


Nonmetallrc  Materials  Division 


FOR  THE  COMMANDER 


MERRILL  L.  MINGES,  Director 
Nonmetallic  Materials  Division 


RICHARD  L.  VAN  DEUSEN,  Chief 
Polymer  Branch 

Nonmetallic  Materials  Division 


If  your  address  has  changed,  if  you  wish  to  be  removed  from  our 
mailing  list,  or  if  the  addressee  is  no  longer  employed  by  your 
organization,  please  notify  AFWAL/MLBP,  Wright-Patterson  AFB,  OH 
45433-6533,  to  help  us  maintain  a  current  mailing  list. 

Copies  of  this  report  should  not  be  returned  unless  return  is 
required  by  security  considerations,  contractual  obligations,  or 
notice  on  a  specific  document. 


la.  REPORT  SECURITY  CLASSIFICATION 
Unclassified 


2a  SECURITY  CLASSIFICATION  AUTHORITY 


2b  DECLASSIFICATION /DOWNGRADING  SCHEDULE 
Unclassified 


4  PERFORMING  ORGANIZATION  REPORT  NUMBER(S) 
AFWAL-TR-88-4 105 


REPORT  DOCUMENTATION  PAGE 


lb  RESTRICTIVE  MARKINGS 


Form  Approved 
OMB  No  0704-0188 


3  DISTRIBUTION /AVAILABILITY  OF  REPORT 

Approved  for  public  release,  distribution 
unlimited. 


5  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 


6a  NAME  OF  PERFORMING  ORGANIZATION  6b.  OFFICE  SYMBOL  7a.  NAME  OF  MONITORING  ORGANIZATION 
Air  Force  Wright  Aeronautical  (If  applicable)  Materials  Laboratory  (AFWAL/MLBP) 

Laboratories,  Materials  Lab  AFWAL/MLBP  AF  Wright  Aeronautical  Laboratories 


6c  ADDRESS  (City.  State,  and  ZIP  Code)  7b  ADDRESS  (City,  State,  and  ZIP  Code) 

Wright-Patterson  Air  Force  Base,  OH  45433-6533  Wright-Patterson  Air  Force  Base,  OH  45433-6533 


8a.  NAME  OF  FUNDING /SPONSORING 
ORGANIZATION 

Air  Force  Systems  Command 


8c.  ADDRESS  (City,  State,  and  ZIP  Code) 


8b  OFFICE  SYMBOL  9  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 
(if  applicable)  f 


10.  SOURCE  OF  FUNDING  NUMBERS 


PROGRAM 


611Q2F 


PROJECT 

TASK 

NO 

NO 

2303 

Q3 

WORK  UNIT 
ACCESSION  NO 


11  TITLE  (Include  Security  Classification) 

Synthesis  of  Noncrystalline  Aromatic  Polyamides 


12  PERSONAL  AUTHOR(S) 

T.  Abraham,  F..  J.  Soloski,  R.  C.  Evers. 


13b  TIME  COVERED  114.  DATE  OF  REPORT  (Year,  Month,  Day)  15  PAGE  COUNT 

from  ^Jan  85  to  Jan  86  |  April  1988  19 


13a.  TYPE  OF  REPORT 

Final 


FIELO  ' 

GROUP 

11 

04 

COSATI  CODES 


SUB-GROUP 


18.  SUBJECT  TERMS  ( Continue  on  reverse  if  necessary  and  identify  by  block  number) 

* Aromatic  Polyamide,  Thermooxldative  Stability,  Low  Glass 
Transition  Temperature  ,  T  i  > 


19  ABSTRACT  (Continue  on  reverse  if  necessary  and  identify  by  block  number) 

Noncrystalline  thermooxidatively  stable  aromatic  polyami,des  were  synthesized  through  the 
triphenyl  phosphite-promoted  polycondensations  of  3,3T-[sulfonylbis(l,4-phenylenoxy) ]diben- 
zoic  acid  and  3 ,3T-\[carbonylbis(l  ,4-phenylenoxy)  ]dibenzoic  acid  with  3 ,3 *"-(1 , 3-phenylendioxy) 
dianiline.  Alternatively,  the  polymers  could  be  prepared  through  the  low  temperature  poly- 
densations  in  N-methylpyrollidone  of  the  corresponding  diacid  chlorides  with  the  aromatic 
diamine.  An  additional  polyamide  was  synthesized  through  the  self-condensation  of/3-[4-(3- 
aminophenoxybenzoyl) phenoxy ]benzoic  acid.  This  previously  unreported  monomer  had  teen 
prepared  by  a  two-step  reaction  sequence  from  4 ,4 ' -dif luorobenzophenone .  Inherent  viscosities 
in  the  range  of  0.27-0.63  dl/g  (N ,N-dimethylacetamide ,  30°  C,  0.2  g/dl)  were  obtained. 

Polymer  structures  were  established  by  elemental  analyses  and  infrared  spectroscopy.  Thermal 
characterization  was  carried  out  by  differential  scanning  colorimetry,  thermal  gravimetric 
analysis,  and  isothermal  aging..  No  evidence  of  crystallinity  was  observed  and  glass 
transition  temperatures  as  low  as  120°  C  were  recorded.  Thermooxldative  degradation  under 


20  DISTRIBUTION  /  AVAILA8ILITY  OF  ABSTRACT 
(33  UNCLASSIFIED/UNLIMITED  □  SAME  AS  RPT 


22a  NAME  OF  RESPONSIBLE  INDIVIDUAL 
Dr.  R.  C.  Evers 


DD  Form  1473.  JUN  86 


□  OTIC  USERS 


21  ABSTRACT  SECURITY  CLASSIFICATION 
Unclassified 


22b  TELEPHONE  (Include  Area  Code)  22c  OFFICE  SYMBOL 
(513)  255-9161  AFWAL/MLBP 


Previous  editions  are  obsolete  SECURITY  CLASSIFICATION  OF  THIS  PAGE 

UNCLASSIFIED 


Abstract  Continued. 

thermal  gravimetric  analysis  commenced  in  the  range  of  410-430°  C  with  essentially 
complete  weight  loss  being  recorded  at  700°  C.  Under  isothermal  aging  in  air  at 
316°  C,  weight  losses  of  20-50  percent  were  recorded  after  200  hours. 


>>><* 


is 


FOREWORD 


This  report  was  prepared  by  the  Polymer  Branch,  Nonmetallic 
Materials  Division.  The  work  was  initiated  under  Project  No. 
2303,  "Nonmetallic  and  Composite  Materials",  Task  No.  230303, 

Work  Unit  Directive  23303Q307,  "Structural  Resins".  It  was 
administered  under  the  direction  of  Materials  Laboratory,  Air 
Force  Wright  Aeronautical  Laboratories,  Air  Force  Systems 
Command,  Wright-Patterson  Ai  Force  Base,  Ohio  with  Dr.  I.  J. 
Goldfarb  as  the  Materials  Laboratory  Project  Scientist.  Co¬ 
authors  were  Dr.  R.  C.  Evers,  Materials  Laboratory  (AFWAL/MLBP) 
and  Dr.  Tonson  Abraham  and  Mr.  E.  J.  Soloski,  University  of 
Dayton  Research  Institute.  This  report  covers  research  conducted 
from  January  1985  to  January  1986. 


J 


Accft'.'.ion  For 


NTI9  CRAM 
|  DTiC  TAB 
j  Unannoui.ctiJ 
!  JustificatiO'. 


By . . . . 

BistritJJt'on  / 

t  Ava, lability  Cotles 


;  I  Avi«  a<  id  /  or 
&"■’  •  3p.-c.al 


H 


& 


BS3S8 mmmzzm 

355 

SS8 

m 

m 

M 

m 

m 

m 

m 

TABLE  OF  CONTENTS 


SECTION 


INTRODUCTION 


RESULTS  AND  DISCUSSION 


INCLUSIONS 


EXPERIMENTAL 


1 .  INSTRUMENTS  USED 

2 .  MONOMERS 


3 .  POLYMERS 


REFERENCES 


t  4*9  m*w  *T*  n 


■wsWfV 


LIST  OF  ILLUSTRATIONS 


FIGURE 

1  TGA  in  Air  (AT  =  10° C/rain  of  Polymers  1-3. 

2  Isothermal  Aging  in  Air  at  316° C  of  Polymers 
1-3. 


LIST  OF  TABLES 


TABLE 

I  Preparation  of  Aromatic  Polyamides 

II  Thermal  Characterization  of  Aromatic 

Polyamides 


SECTION  I 
INTRODUCTION 

Considerable  effort  has  been  expended  over  the  last  decade 
on  research  leading  to  the  preparation  of  molecular  composites 
under  the  Air  Force  Ordered  Polymers  Program.  From  this  research 
has  arisen  the  need  for  new  thermoplastic  polymers  to  act  as 
hosts  for  the  rod-like  polymers  in  the  molecular  composites. 

Since  the  molecular  composites  are  being  processed  in  methane- 
sulfonic  acid,  it  is  necessary  that  the  thermoplastic  host  be 
soluble  and  chemically  stable  in  that  strongly  acidic  medium. 
Aliphatic  polyamides  have  been  used  as  the  thermoplastic  host  but 
lack  the  reguisite  thermooxidative  stability.  While  aromatic 
polyamides  (polyaramides)  exhibit  substantially  increased  ther¬ 
mooxidative  stability,  they  generally  exhibit  high  glass 
transition  temperatures  (Tg's)  or  substantial  crystallinity  and 
are  exceedingly  difficult  to  process  and  consolidate  when  used  in 
conjunction  with  a  rod-like  polymer  in  a  molecular  composite. 

The  present  effort  is  directed  toward  synthesis  of  amorphous 
polyaramides  which  exhibit  low  Tg's. 

When  compared  with  their  crystalline  counterparts,  amorphous 
polyaramides  with  Tg's  offer  the  possibility  of  facile  process- 
ability  while  retaining  high  thermooxidative  stability.  In  order 
to  achieve  low  Tg's,  polyaramides  which  contain  both  aryl  sulfone 
and  aryl  ether  moieties  have  been  prepared.  These  efforts  include 
the  polycondensation  of  4 , 4 '-[ sulfony Ibis ( 1 , 4-phenylenoxy) ] diben¬ 
zoyl  chloride  with  commercially  available  aromatic  diamines1  and 
the  polymerization  of  4 , 4 '-[ sulfonylbis (p-phenylenoxy) dianiline 
with  isophthaloyl-  and  terephthaloyl-chloride.  The  lowest  Tg 
attained  was  230° C. 

Under  the  current  effort,  amorphous  polyaramides  (1  and  2) 
with  Tg's  as  low  as  128° C  have  been  prepared  through  the  polycon¬ 
densation  of  3 , 3 '- [sulfonylbis ( 1 , 4-phenylenoxy) ]dibenzoic  acid 
(Z-S02)  and  3 , 3 '[ carbonylbis ( 1 , 4-phenylenoxy )] dibenzoic  acid 
( Z=C0)  with  3 , 3 '- (1 , 3-phenylendioxy) -dianiline .  The  polymers 
were  obtained  by  direct  polycondensation  of  the  aromatic  diacids 


SECTION  II 

RESULTS  AND  DISCUSSION 

While  the  requisite  diacids  and  diacid  chlorides  could  be 
.  4 

prepared  by  a  published  route,  the  synthesis  of  3- [ 4- ( 3-amino- 
phenoxybenzoyl) phenoxy] benzoic  acid  had  not  been  reported  and  was 
achieved  by  the  two-step  reaction  sequence  shown  below.  No 
attempt  was  made  to  improve  the  relatively  low  yield  (14%). 
Attempts  to  utilize  this  reaction  sequence  to  prepare  the  analo¬ 
gous  sulfonyl  monomer  through  reaction  of  m-hydroxybenzoic  acid 
with  4,4' -dif luorodiphenylsul fone  were  unsuccessful  due  to  exper¬ 
imental  difficulties  in  the  isolation  of  the  intermediate  mono- 
carboxylic  acid. 


*0**  S-F-^-00-O-CO, 


DMSO 


m-Qtoh  S 

,0-o-0"‘0o-0-  00,1 


Polymers  (1  and  2)  were  obtained  through  polycondensation  of 
3 , 3 '-( 1 , 3-phenylendioxy) dianiline  with  the  diacid  monomers  in  the 
presence  of  triphenyl  phosphite  and  pyridine  as  well  as  by  the 
low-temperature  reactions  of  the  corresponding  diacid  chlorides 
with  the  diamine  monomers.  Polymer  3  was  prepared  exclusively 
through  the  triphenyl  phosphite-promoted  polycondensation. 
Inherent  viscosities  in  the  range  of  0.15-0.63  dl/g  were  recorded 
(Table  I)  with  the  polymers  prepared  from  the  diacid  chloride 
monomers  exhibiting  significantly  higher  degrees  of  polymeriza¬ 
tion.  However,  no  significant  effort  was  made  to  maximize  the 
polymer  molecular  weights. 


TABLE  I 

PREPARATION  OF  AROMATIC  POLYAMIDES 

1  2 

Polymer  Method  %  Yield  ,  lnh~  Analysis  -  %  (Calc ' d/Found) 

_ dl/g _ C _ H _ N _ S 


1 

A 

96 

0.27 

70.76/70.81 

4.04/4.19 

3.75/4.00 

2 

A 

77 

0.22 

76.04/75.37 

4.25/4.30 

3.94/4.13 

1 

B 

69 

0.55 

2 

B 

66 

0.63 

3 

A 

85 

0.43 

76.64/76.07 

4.20/4.17 

4.43/4.30 

(1)  Method  A:  Polycondensation  of  diacid  with  diamine 

Method  B:  Polycondensation  of  diacid  chloride  with  diamine 

(2)  N , N-dimethylacetamide ,  30'C,  0.2  g/dl 


Polymers  1,  2,  and  3  were  initially  characterized  by  elemen¬ 
tal  analyses  and  infrared  spectroscopy.  Elemental  analysis 
values  are  listed  in  Table  I.  In  all  cases  the  infrared  spectra 
exhibited  absorptions  at  1660-1680  cm  indicative  of  aromatic 
amide,  as  well  as  other  absorptions  consistent  with  the  polymer 
structures.  Thermal  characterization  was  carried  out  by  means  of 
differential  scanning  calorimetry  (DSC) ,  thermogravimetric  analy¬ 
sis  (TGA) ,  and  isothermal  aging.  Thermal  characterization  data 
are  given  in  Table  II.  Tc;’  s  in  the  range  of  128-169°  C  were 
recorded.  No  evidence  of  crystallinity  was  observed.  After 
cycling  within  the  instrument  to  450° C  (nitrogen  atmosphere, 
10°C/min),  increases  in  Tg  were  observed,  presumably  due  to 
initial  degradation  and  crosslinking  of  the  polymers.  Thermo¬ 
gravimetric  analysis  (air  atmosphere,  10°C/min)  disclosed  early 
weight  losses  of  1-5  percent,  possibly  due  to  volatiles  trapped 
within  the  polymers,  with  polymer  2  being  the  least  stable. 
Thermooxidative  degradation  commenced  in  the  range  of  410-430° C 
with  essentially  complete  weight  loss  being  recorded  at  700° C. 
Under  isothermal  aging  in  air  at  316° C,  early  weight  losses 
possibly  attributable  to  absorbed  water  were  also  observed. 

After  200  hours,  weight  losses  of  20-50  percent  were  recorded 
with  polymer  2  suffering  the  greatest  weight  loss.  The  TGA  and 


isothermal  aging  curves  are  shown  in  Figures  1  and  2,  respec¬ 
tively  . 


TABLE  II 

THERMAL  CHARACTERIZATION  OF  AROMATIC  POLYAMIDES 


Polymer 

”inh  - 

Tg  (initial)1 2 

Tg  (Final)3 4 

T  dec 

1 

0.55 

128 

154 

429 

2 

0.63 

144 

153 

413 

3 

0.43 

169 

- 

419 

(1)  N, N-dimethylacetamide,  30° C,  0.2  g/dl 

(2)  Determined  in  nitrogen 

(3)  After  heating  to  450° C  in  nitrogen 

(4)  As  indicated  by  thermogravimetric  analysis  in  air 
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Figure  1- 
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SECTION  III 
CONCLUSIONS 


While  the  thermooxidatively  stable  polyaramides  prepared 
under  the  current  effort  are  soluble  in  methanesulfonic  acid, 
exhibit  low  Tg's,  and  show  no  evidence  of  crystallinity,  they 
probably  are  not  of  sufficient  molecular  weight  to  lead  to  the 
degree  of  chain  entanglement  in  a  molecular  composite  necessary 
to  give  optimum  mechanical  properties.  While  the  requisite 
advancement  in  molecular  weight  could  probably  be  achieved 
through  additional  effort,  ongoing  developments  in  "second  gener¬ 
ation"  molecular  composites  has  largely  obviated  the  need  for  the 
subject  polyaramides. 


SECTION  IV 
EXPERIMENTAL 


1 .  INSTRUMENTS  USED 

Beckman  IR  33  Spectrophotometer,  Finnigan  4021  Mass  Spec¬ 
trometer  (ionizing  voltage  70  eV) ,  duPont  Differential  Scanning 
Calorimeter  910,  and  duPont  Thermo  Gravimetric  Analyzer  951. 

4 

2 .  MONOMERS 

3 , 3 ' - (1 , 3-Phenylendioxy) dianiline,  obtained  from  Millmaster 
Chemical  Company,  was  dissolved  in  methylene  chloride,  filtered 
through  a  plug  of  silica  gel,  and  the  residue  (obtained  by  evap¬ 
oration  of  the  filtrate)  recrystallized  from  carbon  tetrachloride 
to  give  white  crystals,  m.p.  106-107° C.  The  diacid  monomers  and 

the  corresponding  diacid  chlorides  were  prepared  by  a  published 
4 

route . 

3- [ 4- ( 3 -Aminophenoxybenzoyl ) phenoxy] benzoic  acid  was  pre¬ 
pared  through  the  following  procedure: 

A  mixture  of  4 , 4 ' -dif luorobenzophenone  (25.2  g,  115.5  mmol), 
3 -hydroxybenzo ic  acid  (8.0  g,  57.9  mmol),  and  anhydrous  potassium 
carbonate  (16.0  g)  in  dry  dimethylsulf oxide  (120  ml,  distilled 
under  reduced  pressure  from  calcium  hydride)  was  stirred  by 
paddle  at  120°  under  nitrogen  for  48  hours.  At  the  end  of  this 
period  the  reaction  mixture  was  poured  into  water,  and  the 
suspension  thus  obtained  was  filtered  through  Celite.  The  clear 
filtrate  was  cooled,  then  carefully  acidified  with  cone,  hydro¬ 
chloric  acid  until  strongly  acidic.  The  white  precipitate  that 
formed  was  filtered  and  recrystallized  from  aqueous  ethanol.  Two 
recrystallizations  gave  9.5  g  (48  %)  of  3- [ 4- (4-f luorobenzoyl) - 
phenoxy] benzoic  acid  with  m.p.  158.5-160°.  A  sample  with  m.p. 
159-161.5°  could  not  be  purified  further  by  recrystallization. 

Anal.  Calc'd  for  C20^13^O4:  C,  71.42;  H,  3.89;  F,  5.64. 

,  Found:  C,  71.39;  H,  3.96;  F,  5.44. 

i 

I 

I 


IR(KBr,  strong  absorptions  (cm  )  :  3760-2140  (»'Itiax  3080)  , 

1695,  1648,  1602,  1583,  1300,  1275,  1248,  930,  850,  760. 

MS:  337  (8.6),  336  (37.5)  [Mj®.  242  (19.9),  241  (100) 

[M-F-^-]®,  199  (14.4)  [M-C02H-<^-m-0jP,  168  (9.6)  [M]2®,  123 

(69.1)  [F-^-p-CO^,  95  (42.7)  [F-$S]®.  At  higher  temperature, 

ions  resulting  from  the  diacid  are  observed:  455  (5.6),  454 
(18.4)  [M]®,  317  (8.8)  [M-0-^-m-C02H;P,  242  (15.6),  241  (100) 

[M-CO2H-0-m-O-<£  The  intensities  of  peaks  at  242  and  241  are 

increased  due  to  some  contribution  from  the  more  volatile  com¬ 
pound  336  (13.3)  [M]®. 

A  mixture  of  m-aminophenol  (0.64  g,  5.87  mmol),  3-[4-(4- 
fluorobenzoyl)phenoxy] benzoic  acid  (2.0  g,  5.95  mmol),  and 
anhydrous  potassium  carbonate  (4.0  g)  was  stirred  (magnetic  bar) 
in  dry  dimethylsulf oxide  (20  ml,  distilled  under  reduced  pressure 
from  calcium  hydride)  at  120°  under  nitrogen  for  48  hours.  The 
cooled  reaction  mixture  was  poured  into  water  and  carefully 
neutralized  with  con c.  hydrochloric  acid  to  precipitate  2.58  g  of 
a  white  solid.  The  crude  product  was  digested  in  hot  toluene, 
and  the  toluene  solution  (after  decanting  from  a  large  quantity 
of  gum)  was  allowed  to  stand  overnight  at  0°C.  The  crystals  thus 
obtained  were  recrystallized  in  the  same  manner  to  give  0.35  g  of 
product,  m.p.  144-150°  dec.  (14%). 

Anal.  Calc 'd  for  C28HigNC>5:  C,  73.40?  H,  4.50;  N,  3.29. 

Found:  C,  73.53;  H,  4.69?  N,  3.74. 

IR (KBr ,  strong  absorbances  (cm-1)):  3700-2200,  1705,  1650, 

1600,  1585,  1505,  1490,  1447,  1310,  1280,  1245,  1160,  928,  855, 
740,  675. 

MS:  426  (13.9),  425  (45.9)  [M]®,  242  (10.8),  241  (54.8)  [M- 

NH2  -<f>  -m-O-<0  -  ]®,  236  (10.0),  213  (20.7),  212  (92.5) 

C02H]®,  184  (17.9)  [  NH2  -jn-0-^  -  ]®,  143  (100). 

3 .  POLYMERS 

The  following  are  representative  examples  of  the  polyconden 
sation  reactions. 


ondensation  o 


3,3' - (m-ohenvlendioxv)  d 


henylenoxv) Idibenzoic 


Dried  N-methylpyrrolidinone  (2.0  ml,  distilled  under  reduced 
pressure  from  calcium  hydride)  was  added  to  a  mixture  of  3,3'- 
[sulfonylbis (4-phenylenoxy) ]dibenzoic  acid  (0.6955  g,  1.48  mmol), 
3 , 3 (1, 3-phenylendioxy) dianiline  (0.4314  g,  1.48  mmol),  and 
anhydrous  lithium  chloride  (0.1  g) .  Triphenyl  phosphite  (0.37 
ml)  and  dry  pyridine  (0.5  ml,  distilled  from  calcium  hydride) 
were  also  added.  The  reaction  mixture  was  heated  under  nitrogen 
with  stirring  (magnetic  bar)  to  100°  for  4  hours.  As  the  poly¬ 
condensation  proceeded,  the  solution  became  viscous  and  the 
lithium  chloride  suspension  dissolved.  The  polyamide  was  iso¬ 
lated  as  a  stringy  mass  by  precipitation  from  methanol.  It  was 
purified  by  reprecipitation  from  methanol  after  redissolution  in 
dimethylacetamide  (4.0  ml).  The  product  (1.01  g,  96%  yield)  was 
dried  overnight  at  100° C  (0.1  mm  Hg)  and  exhibited  an  inherent 
viscosity  of  0.27  dl/g  (N,N-dimethylacetamide,  30°C,  0.2  g/dl) . 

Anal.  Calc'd  for  (C44H3oN2S08^ n:  C/  70*76;  H'  4*04?  N, 

3.75;  S,  4.29. 

Found;  C,  70.81;  H,  4.19;  N,  4.00;  S,  4.23. 


A  mixture  of  3 , 3 '- [sulfonylbis (4-phenylenoxy) ]dibenzoyl 
chloride  (0.4134  g,  0.785  mmol)  and  3,3 '-(1, 3-phenylendioxy) - 
dianiline  (0.2291  g,  0.785  mmol)  was  cooled  to  -78°  under  nitro¬ 
gen.  Dry  N-methylpyrrolidinone  (4.5  ml,  distilled  under  reduced 
pressure  from  calcium  hydride)  and  propylene  oxide  (0.33  ml)  were 
then  added.  After  a  few  minutes,  the  cooling  bath  was  removed 
and  the  contents  of  the  flask  stirred  (magnetic  bar)  while  being 
allowed  to  warm  to  room  temperature.  After  being  stirred  over¬ 
night,  the  viscous  solution  was  poured  into  methanol,  with  stir¬ 
ring,  to  yield  a  stringy  mass.  The  polymer  was  purified  by 
reprecipitation  from  methanol  after  redissolution  in  dimethyl¬ 
acetamide  (4.0  ml).  The  product  (0.4  g,  69%)  was  dried  overnight 
at  100°  (0.1  mm  Hg) .  An  inherent  viscosity  of  0.55  dl/g  (N,N- 

dimethylacetamide,  30°C,  0.2  g/dl)  was  recorded. 
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